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It is argued that the solution space of the equation determining the class of f(R) theories which
admit an Einstein static universe should be broadened by including the algebraic roots.
PACS numbers: 04.50.Kd, 98.80.Jk
In a recent paper, Goswami, Goheer and Dunsby
(GGD) study the existence of Einstein static universes in
the context of higher order theories of gravity [1]. They
consider theories derived from a Lagrangian density
L = f (R)− 2Λ + Lm
in the Einstein static universe. The field equations imply
Eq. (14) in Ref. [1], namely,
Rf ′ −
3
2
(1 + w) f + 3Λ (1 + w) = 0, (1)
where w ∈ [−1, 1] is the parameter in the equation of
state, p = wρ. Equation (1) has been discovered several
times (cf [2] for a brief discussion of static solutions).
GGD argue that the only functions f (R) admitting the
existence of an Einstein static universe are solutions of
the differential equation (1) and therefore, have the form
f (R) = 2Λ +KR
3
2
(1+w) + Lm. (2)
According to this analysis, the solution (2) leaves no
room for the theory derived from the Lagrangian density
L = R+ βR2 + Lm,
to admit the Einstein static universe as a solution. How-
ever, in a previous investigation it was found that this
is not the case [3]. More precisely, without making use
of expansion-normalized variables it is shown in Ref. [3]
that the dynamical system has an unstable equilibrium of
saddle type corresponding to the Einstein static universe.
What is most interesting is that the effective cosmolog-
ical constant is not assumed from the beginning, but is
provided by the curvature equilibrium
R∗ =
1 + 3w
β (1− 3w)
, (3)
in the range − 13 < w <
1
3 .
In the conclusions of Ref. [1], GGD consider as sur-
prising the result that only Lagrangians of the form
f (R) = a+ bRc admit an Einstein static space and fur-
thermore comment: “This result differs from some recent
work [36] (Ref. [4] in this comment), where the stabil-
ity of the Einstein static solution was investigated for a
number of types of f (R) theories which appear not to
fall into the class discovered here”.
The existence of the Einstein static universe in f (R)
theories which do not to fall into the class (2), relies on
the interpretation of (1). In fact, the solution (2) to the
equation (1) is not the only possibility. Given an arbi-
trary differentiable function f , Eq. (1) can be regarded
as an algebraic equation to be solved for R. Denoting
the resulting roots by ρ1, ρ2, ... one obtains a whole series
of Einstein spaces, each having a constant scalar curva-
ture ρi (see for example the comments in Ref. [5] and
for a thorough analysis see Ref. [6]). In view of the
above interpretation, it is easy to check that substituting
f (R) = R + βR2 in (1) with Λ = 0, the scalar curva-
ture takes the constant value given by (3), exactly as
was shown in Ref. [3].
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